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Motivation:  8 out of 50 Paralympic cycling medals contested on tandems
Paralympic cycling classes:
• C 1-5: Cyclists with an impairment capable of using a standard bicycle
• T 1-2: Cyclists with balance impairment use a tricycle
• H 1-4: Cyclists with leg impairment use a handcycle
• B: Blind and visually impaired cyclists use a Tandem bicycle with a 
sighted pilot on the front - both athletes are awarded medals
Motivation:  Tandem frame design is a challenge
Conflicting design needs:
• Low mass, good aerodynamics
• High stiffness and strength
Structurally worse than solo bicycle:
• Much higher loading
• Longer wheelbase
Motivation:  Not a new problem [1]
[1] Sharp, A. (1896) Bicycles and Tricycles: An Elementary Treatise on Their Design and Construction. Longmans, Green, UK.
Motivation:  Despite UCI rules, no single design universally adopted to date
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Method: Calculation of forces
Approach
• Define bicycle geometry 
• Define athlete mass and starting torque
• Consider equilibrium of:
- Whole bicycle
- Captain and stoker
- Rear wheel
- Both cranksets (pedal & chain forces)




No horizontal forces on pedals [2]
Cyclists
Elite level females: 60 kg & 55 kg, 250 Nm each
[2] Soden, P.D. and Adeyefa, B.A. (1979) Forces applied to a bicycle during normal cycling. J. Biomechanics 12:527-541
Method: Equilibrium of cyclist  (estimated c.o.g. [3])
[3] Clauser, C.E., McConville, J.T. and Young, J.W. (1969) Weight, volume, and center of mass of segments of the human body.
















Results: Comparison of two frame types
Open frame
Aluminium tubing
- Diameters: 51 to 35 mm
- Wall thickness: 2 mm
Frame mass: 3.29 kg
Double diamond







Conclusions & further work
[4] Oliver, T. (1990) Touring bikes: A practical guide, The Crowood Press, UK. [4]
Stiffness benefits
Additional bracing can provide torsional 
stiffness improvement. But …..
Effect on performance
Weight saving is worth ~ 0.1s/kg over a 
3000m tandem pursuit race
Aerodynamic benefits of reduced bracing?
Next steps





Method: Computational structural analysis
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